Abstract: This paper examines the regional changes of corn production and the relationship between 1 ethanol production and corn production. The underlying hypothesis is that the rapid growth in 2 ethanol production causes regional expansion of corn production outside the traditional regions. This 3 paper introduces the information approach developed by entropy theory to describe these regional 4 changes. The results support the hypothesis that ethanol production leads to expansion of corn 5 production outside traditional corn producing regions. 
Introduction

8
This paper examines the effect of ethanol policy on the regional distribution of corn production in 9 the United States using the entropy measure developed by Shannon [1] . Ethanol policy in the guise 10 of the renewal of the Volumetric Ethanol Excise Tax Credit (VEETC) continued to be a significant 11 policy debate until January 2012 when it appeared to expire without congressional action. According price of livestock feed which resulted in higher meat prices in the United States. However, the effect of In our analysis of farmer response to ethanol policies, we assume that the supply of outputs and 57 the derived demand for inputs is determined by optimizing decisions, the technology possessed by 58 the firm (which may be a function of local factors such as climate), and a vector of quasi-fixed variables 59 including the quantity of farmland used in production. Mathematically, we define the firm i's profit 60 following Lau's approach [7] :
where π i (.) is the profit earned by firm i, p is the vector of output prices, y is the vector of outputs 62 produced by firm i, w is the vector of input prices, x is the vector of inputs used by firm i, z i is the 63 level of quasi-fixed inputs available to the firm (for our purposes, we consider only farmland), and
64
T i is the firm's production technology. In this formulation the shadow value of farmland is used to 65 allocate farmland across crop alternatives. Thus, as the price of corn increases, the shadow value of 66 land increases and either the level of another crop alternative declines (i.e., the price of corn goes up 67 so the land devoted to cotton is reduced to maximize profit), new land is brought into production 68 (i.e., land from the conservation reserve program is brought back into production), or the price of all 69 alternative crops increase. The overall supply of any crop from state s can then be represented as 
Shannon demonstrates that the entropy measure J defined as as corn production diversifies across state, the measure reaches a maximum of − (1/n) ln (1/n) 0.
89
One of the primary advantages to the entropy measure (and other informational measures used 90 in economics such as Theil's measure of income inequality [8] ) is the decomposability of the measure.
91
Specifically, if we assume that the states can be divided into R regions r ∈ R, the total inequality can be 92 reexpressed as
where J R is the inequality between regions defined as
andJ is the average inequality within each region defined as
where J r is the entropy withing region r. Thus, in this study we measure the changes in regional 96 production within a region (such as the Corn Belt) in J r and across regions through J R .
97
The data used in this analysis is derived from four sources. First, data on corn production by with the non-traditional regions to identify regional changes in the share of corn production. As Table   116 1 represents corn production of each region, most corn production is mainly achieved in the traditional crops with corn production. In this analysis we focus primarily on cotton production in the South.
124
The entropy values for each region capture the inequalities in the share of corn production within
125
and between the regions. Also, ethanol production is used for an appropriate proxy variable for the 126 ethanol subsidy between 1981 and 2016 because ethanol production has increased proportionally to 127 the government expenditure on ethanol tax credits. Corn price, cotton price, and crude oil price are 128 also included to control for possible price effects on the inequality of corn production.
129
Using ordinary least squares, with entropy values as the dependent variable, we estimate the 130 effect of ethanol policies, cotton prices, and crude oil prices on the spatial dispersion of corn production
where J t is the within-region or between region entropy for year t, E t is the ethanol production in year 132 t, P it is the price of corn, cotton, and crude oil in year t, and t is the error term. but may be cut green for silage to be used in dairy operations.
168
The lowest dispersion in production since 1993 has been in the Lake States. Initially, the corn 169 production in the Northern Plains appeared more concentrated than the Lake States, but after 1993, corn production in the Northern Plains has become increasingly uniform across states. 
173
(which is in the Lake States) implies that crops such as spring wheat may be more viable than corn.
174
In essence, the concentration in these regions should be the inverse of the concentration in Southeast.
175
In the northern regions, the corn is concentrated in a relatively fewer number of states (i.e., Kansas,
176
Nebraska, and South Dakota in the Northern Plains, and Michigan and Wisconsin in the Lake States).
177
The entropy will still increase).
186
There are certain facets of these changes that are consistent with the regional effects of increased 187 ethanol production and other facets that may not support our underlying hypothesis that heightened production of corn in North Dakota) and the lack of a significant trend in the Delta States.
196
To provide a more systematic analysis of the entropy over our sample, we apply the regression
197
in Equation 8 to the entropy computations. Consistent with the forgoing discussion, the results
198
presented in Table 2 indicate that the effect of ethanol production on the entropy of corn production 199 is statistically significant in the Lake States, Northern Plains, Appalachia States and Delta States.
200
Consistent with our discussion of the graphical data, increases in ethanol production are associated 201 with increasing concentration of corn production in the Lake States. However, the results also indicate 202 that the increased level of ethanol production has also been associated with increased corn production 203 concentration in the Appalachian States. In addition, the results presented in Table 2 The overall decomposition of entropy presented in Equations 5, 6, and 7 can be nested. For example, assume that we have eight states s = 1, · · · 8 which we divide into two regions r = 1 ⇒ s = { 1, 2, 3, 4} and r = 2 ⇒ s = { 5, 6, 7, 8} . Following Equation 5, we can decompose the inequality in region 1 into the entropy of two different subregions
Thus, J r = Jr +Jr. Denotes the nonparametric level of statistical significance using results from bootstrapping (10,000 draws with replacement). of normality (i.e., for the t-distribution). This finding is not robust to the assumption of normality (i.e.,
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the nonparametric confidence level increases to 0.1295). on average, corn production is becoming more dispersed within each region (i.e., the states within the Corn Belt, the Lake States, etc. are becoming more alike on average). Like the overall spatial measure 242 of dispersion, the volatility in the between-region entropy obscures any readily discernible pattern 243 over time. 
Discussion and Implications
258
This study examines the effect of ethanol production on the spatial distribution of corn production 259 using the entropy measure proposed by Shannon [1] . The results indicate increases in ethanol 260 production affects the distribution of corn production between states by concentrating the corn The results of our analysis indicate that increases in corn prices have contributed to an increased 268 parity between traditional and non-traditional corn production regions. Similarly, increased ethanol 269 production has been associated with an increased parity on average within each region. Hence,
270
both results support the hypothesis that ethanol production and the associated ethanol policies have 271 contributed to changes in land use. Specifically, changes in ethanol production have contributed to the 272 increased production of corn outside traditional corn producing regions.
273
The dichotomy between the effect of corn prices and ethanol production is somewhat interesting.
274
Intuitively, we would anticipate the production in ethanol and corn prices to be positively correlated -275 more ethanol production should imply increased corn prices. However, each factor appears to operate 276 differently. Changes in ethanol production appears to operate within a region. This suggests that 277 ethanol plants have been built in marginally producing regions of traditional corn-producing states.
278
In contrast, a new ethanol plant may not be built outside a traditional corn region (such as southern 279 Arkansas). However, farmers in that region may plant corn in response to higher corn prices which 280 result, in part, from increased ethanol production. land into production is probably correct, but incomplete. Specifically, the increased corn price may 284 pull marginal land into production, but it also increases corn plantings in non-traditional corn areas.
285
The net environmental effect is then dependent on the environmental attributes of the crops being 286 supplanted for the increase in corn production. In the South, it is likely that cotton is being replaced 287 by corn. While a more complete analysis is required, cotton typically requires more pesticides and 
